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ABSTRACT 
Inventory Management enhances the competitiveness of a company if it is 
managed properly. There are wide choices of analytical tools for managing inventory 
efficiently and effectively. The choice of these tools will depend on the particular 
situation a company is facing. Even though the choice of analytical tools is made, it 
needs to be operated under a good control environment within the company so that the 
inventory management system can be directed for improving the competitiveness and 
profitability of the company. 
In this project, analytical tools for inventory management will be applied to a 
chemical marketing firm. Recommendations will be given with consideration to the 
situation the company is facing. 
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CHAPTER I 
INTRODUCTION 
Inventory management is an essential part of the value chain' within the 
business function. It constitutes a substantial portion of the value chain especially 
when the company operates in a very competitive environment. While maintaining a 
satisfactory customer service level, a company need to optimize its cost related to 
inventory carrying. In this way, the company can compete with others with lower 
operating cost and give a higher retum to its shareholders. 
Inventory decisions are risk taking in nature. Once a company commits to a 
certain level of inventory in order to maintain customer satisfaction, it faces the risk 
of product obsolescence, excess inventory, product loss or damage. Hence, it is 
important to get the right balance of inventory level in order to get a satisfactory 
retum on investment. The marginal efficiency of capital (MEC) states that a 
company should invest in business opportunities which can generate retums higher 
than the cost of capital ^ . Recalling that: 
Profit Profit Sales COG 
Retum on Investment = = x x  
Asset Sales COG Asset 
Profit Gross Inventory 
margin margin turnover 
*COG: Cost ofgoods sold 
1 Charles T. Homgren, George Foster, Srikant Datar. Cost Accounting： A 
Managerial Emphasis. Eighth Edition, Prentice Hall International Editions, P.2-3 
2 Everett E. Adam, JR. Ronald J. Ebert, 1992. Production and Operations 
Management, Fifth Edition, Prentice-Hall International Editions, P454-455 
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Both marketing and inventory management are essential in contributing to the 
overall retum on investment. A high inventory turnover would increase the retum on 
investment. 
However, how can the analytical tools related to inventory management tools 
such as economic order quantity, safety level, forecasting models, ABC analysis^, 
multiple items management ^ be applied to the business world. What are the 
limitations of these analytical tools? What other issues we need to be aware of? How 
does businessjudgment come into play in inventory management decisions? 
In this project, the inventory management system of a company will be 
enhanced through the application of the above mentioned inventory management 
analytical tools. Based on the analytical tools used, it will be compared with status 
quo for both quantifiable & non-quantifiable benefits. 
Company Background 
The company of this case is a chemical marketer. As the original name of the 
company will not be used in this project report, let us refer it as JKL Co. JKL Co 
buys chemical in packaged units from all over the world and sell them to Hong Kong 
and PRC market. 
1 • Market Demand 
The chemical are widely used in the industrial sector. Currently, JKL Co 
marketed about 300 active items. As the Marketing Department of JKL Co is 
directed towards a sales target based on volume and profit. Marketing fight hard for 
stocking up as much grades as possible. 
3 Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control 
Systems, Third Edition, Irwin, P734-743. 
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2. Product Supply 
Currently, JKL Co buys packaged chemical from Thailand, Malaysia, United 
Kingdom, Germany, France, Italy, Sweden and USA. As the Thailand supplier 
supplied a wide range of items at shorter shipment time and lower transportation cost, 
over 80% of the packaged chemical comes from Thailand. Hence, JKL Co has the 
closest liaison with its Thailand supplier in terms of supply of chemical and better 
support in terms of delivery lead time and flexibility in production. 
For example, finished chemical are supplied from Thailand at average lead 
time of 7 weeks while those supplied from other suppliers can be as long as 13 weeks. 
On the other hand, JKL Co has to submit its demand forecast to its Thailand supplier 
monthly. Based on the demand forecast, the Thailand supplier will stock up raw 
material for production. Thus, the supply lead time of the Thailand supplier does not 
depend on availability of raw material but production capacity. When the order 
quantity exceeds the demand forecast, the Thailand supplier will either swap the raw 
material reserved for other suppliers or it need to order raw material from its 
suppliers. In the latter case, the overall order lead time can be up to 3 months. 
For the European and US suppliers, the supply volume is much less and hence 
JKL Co receives lower priority in order scheduling. Moreover, these suppliers are not 
flexible enough in terms of production lead time to support short lead time orders. 
Hence, the current sourcing policy is that only grades not supplied by Thailand 
supplier will be supplied by other suppliers. 
Currently, the average supply lead time from Thailand is 48 days with a 
standard deviation of 17 days. The average supply lead time of other non-Thailand 
supplier is 67 days with a standard deviation of 28 days (see Appendix 3). There is 
no stock available from each supplier and all items are produced when an order is 
received. 
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3. Current Inventory Management 
Currently, the Logistics section is responsible for managing the inventory and 
sending out replenishment orders for chemical items. There are 300 active items 
being sold and are classified into two categories: 
(a) Produce to Stock: These items are ordered regularly from suppliers and 
stock up in JKL Co's own warehouses and contractor's warehouses. These items 
have a wide market acceptance and the risk of becoming slow moving or dead stock 
is low when JKL Co keep these stocks in its warehouses. The safety stock level was 
established 2 years ago with input from Marketing. Monthly orders are placed to 
Thailand while ad hoc orders are placed to other suppliers so as to guarantee a certain 
level of stock for customer's pick up at any time. 
(b) Produce to Order: These items are ordered non-regularly from suppliers 
based on actual orders from JKL Co's customers. These items have a narrow market 
acceptance and the risk of becoming slow moving or dead stock is high if JKL Co 
keep these stocks in its warehouses. Customers will be required to wait for 7-10 
weeks depending on where the item is supplied. 
Due to strong competition from its competitors, the Marketing Department of 
JKL Co is keen on enlarging the list of PTS products at the expense of PTO products. 
As the expansion of the PTS product list will increase the inventory carrying cost 
such as storage, cost of capital, product obsolescence, insurance, product loss and 
damage, this has aroused concem from the inventory control perspective. 
4. Current Product Replenishment Procedure 
(a) Products supplied from Thailand supplier: At the beginning of each 
month, Logistics section requires marketing to submit a 6 months' rolling sales 
forecast. For example, in March 1998，Marketing is required to submit sales forecast 
for April to September 1998. In general, Marketing will consider the following 
factors when preparing the sales forecast: (i) special promotion programs, (ii) 
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introduction of new product (which affect sales of existing substitutes), (iii) 
promotional discount, (iv) incentives for resellers, (v) seasonality factors, (vi) 
introduction of new customers, (vii) change in market condition and (viii) 
development of potential markets. 
When the sales forecast is ready, Logistics will transform it into actual order 
for the coming 2 months and order forecast for the next 4 months. The actual order 
and order forecast is different from the sales forecast in the way that it incorporates 
the following additional considerations: (i) presence of slow moving stock, (ii) safety 
level, (iii) order lead time & (iv) creditability of sales forecasts. 
(b) Products supplied from non-Thailand supplier: As these suppliers do not 
require JKL Co to provide order forecast, marketing have not provided sales forecast 
on these items. Replenishment order is placed when (i) items close to or lower than 
safety level is identified by Logistics spot check or (ii) PTO stock is ordered and there 
is extra space in order to fill in a full shipment load. Stock out and excess stock are 
quite common for items supplied from these suppliers. 
5. Slow Moving and Dead Stock 
In 1997, the average inventory level is 3.1 months average sales while that of 
1996 is 2.2 months. Although the absolute level of inventory in 1997 is higher, the 
sales volume is a bit lower than that of 1996. In addition, the amount of slow moving 
and dead stock at end 1997 accounted for roughly 20% of the total inventory. The 
main reasons are: 
(a) Actual sales fell behind the sales forecast in which replenishment order 
quantity is based on. Normally, the sales forecast is based on the sales target which is 
on the high side usually. 
(b) Forecasting demand of new products is especially difficult. The risk of 
carrying inventory is high especially when Marketing has is over optimistic on market 
demand. 
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(c) For PTO products, Logistics section will place order to its suppliers after 
receiving advice from Marketing that there is a customer waiting for the goods. 
However, there are occasions that customers do not receive or collect the goods due 
to their difficulty in opening L/C or they do not have enough trade credit with JKL 
Co. 
(d) Minimum shipment quantity: Normally, goods will be shipped from 
suppliers in a exclusive 20-foot or 40-foot container (commonly termed Full 
Container Load, FCL). The advantage ofhaving FCL is shorter waiting time as there 
is no need to consolidate goods with other customers, less chance of contamination by 
other goods, shorter waiting time for customs clearance and substantially lower 
transportation cost. However, when replenishment orders for other non-Thailand 
suppliers are placed, it is often difficult to make up a FCL as there is not much items 
commonly ordered from them. As a result, some slow moving inventory are ordered 
as well and this increases the overall inventory. 
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CHAPTER II 
OBJECTIVE & METHODOLOGY 
Objective 
In order for inventory management of chemical products of JKL Co to have a 
greater added value in the business value chain, this project will identify and 
recommend solutions on how to reduce the overall cost and improve the efficiency in 
inventory management while maintaining the same customer service level. 
Methodology 
After appraising the current situation of JKL Co in terms of replenishment 
procedures, product supply source, inventory management practice and level of 
slowing and dead stock, this project is carried out as a case study on "how to improve 
the inventory management system of JKL Co". The steps taken in this project is as 
follows: 
1. Identify what are the existing problems 
2. Identify the cause to the existing problems 
3. Explore the use of various analytical tools in inventory management such as 
sales forecasting, re-order point level, economic order quantity, safety stock 
level, multiple item ABC analysis� and multiple item order replenishment^. 
4. Appraise the limitations of the analytical tools in the real situation of JKL Co 
5. Identify any internal procedures required to supplement the use of the 
analytical tools used in inventory management. 
3 Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control 
Svstems, Third Edition, Irwin, P734-743. 
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6. Recommend possible solutions to improve the inventory management system. 
Discussions will be made with relevant departments and suppliers in order to 
get their support in the overall work and proposal. 
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CHAPTER III 
CURRENT INVENTORY MANAGEMENT 
PROBLEMS & CAUSES 
The root problem facing the Logistics section of JKL Co is the relatively high 
inventory compared with sales volume and high portion of slow moving/dead stock. 
There are a number of contributing causes and is listed as follows: 
1. Agency Problem 
Customers often found that there is no stock for many items. Sometimes, the 
grades with high volume and high safety stock level can also be out of stock. The 
situation will become worse if customers are aware that stock out will come soon and 
each customer will order more than normal consumption quantities. This will create a 
temporary stock out situation. On the other hand, Logistics section may be 
accountable for high inventory carrying cost if excess inventory is brought in which 
may be due to inaccurate sales forecast and customer order cancellation and cannot be 
sold quickly. Hence there seemed to be a lack of stewardship parameters for 
Logistics section to follow in inventory management issues. 
For minor items, the order quantity is normally several times the monthly 
sales volume. Hence, Logistics & Marketing have spent a lot of time in discussing 
whether to keep these products as PTS. Even if a decision that a safety level be 
maintained and PTS being assigned to a certain item, there is a high chance of it being 
tumed into a slow moving stock. Most Marketing staff are only accountable for sales 
revenue and have only concerned with having more stock in the warehouse and 
neglecting all the cost incurred. Conclusively speaking, agency problem exists in the 
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way that Logistics will be accountable if the portion of slow moving stock goes up 
and Marketing will be appraised if these minor items can bring revenues to JKL Co. 
In fact, Anthony and Govindarajan^ mentioned in a section on management 
control process that 
"Agency theory assumes that all individuals act in their own self-interest. 
Agents are assumed to receive satisfaction not only from financial 
compensation but also from the perquisites involved in an agency 
relationship" 
2. No economic order quantity 
Currently, 80% of the items are supplied from Thailand and replenishment 
orders are placed monthly. The reason for this monthly frequency is to optimize the 
effort of sending out monthly orders and preparing order forecast for Thailand 
supplier. However, this may lead to higher average inventory level especially for 
high volume items. If orders can be placed more frequently at smaller quantities per 
order, the lowering of inventory carrying cost can offset the additional cost of placing 
order (see Chapter III). 
3. Safety stock level 
Safety stock level is applied to PTS items only. For PTO items, customer will 
appreciate that the items are supplied to order. Hence, there is no need to keep safety 
stock for PTO items. The current safety level set for PTS items resulted in a stock out 
probability of 14.1%. As about 20% of the PTS stocks are slow moving/dead stock, 
the safety level of these items are expected to be higher than required. As a result, the 
safety level of fast moving items are lower than required and the stock out probability 
is even higher than 14.1%. 
4 Robert N. Anthony, Vijay Govindarajan. Management Control Systems. 
Eighth Edition, Irwin, P.569-570 
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As safety level directly affects the cost of capital employed and storage cost, 
there is a need to make good use of company's capital. Hence, there is a need to 
rationalize the existing safety level so as to lower the inventory level is expected for 
slow moving/dead items and raise the inventory level for fast moving items in order 
to capture more revenue. 
4. PTO items 
Whenever Marketing receives an order from customer (either by phone or by 
fax) for PTO products, Marketing will inform Logistics section to go ahead to order 
these items from its suppliers. Usually, due to urgency of customer's need, no prior 
approval on customer's credit or receipt of letter of credit before order is placed to 
suppliers. There are occasions where the goods are never despatched to customers 
and become slow moving/dead stock if there is not enough credit given to customer 
or customer canceled the order for any reason. 
5. Full container shipment 
Due to the low volume of lubricant bought from non-Thailand suppliers, JKL 
Co is often forced to order more than enough products in order to ship the products in 
a dedicated 20-feet or 40-feet container. Besides the items that are really needed, the 
additional grades to be ordered for the purpose of fulfilling a full container shipment 
will depend on judgment from both Marketing & Logistics. However, the judgment 
from Marketing may be biased and this will lead to long discussion between 
Marketing & Logistics. Hence, the process of choosing the right product and right 
quantity to fill up additional products to make up for a full container shipment is 
neither efficient nor effective. Not being efficient means that the process is time 
consuming and not effective means the process may not lead to buying the right 
product at the right quantity. Moreover, it will result in ordering some unnecessary 
stock which creates slowing moving or dead stock. 
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6. Inaccurate sales forecast 
At the beginning of each month, Marketing is required to submit sales forecast 
for coming 6 months to Logistics section. The sales forecast is compiled based on 
previous sales figures and sales judgment. However, sales forecast done in this way 
is far from accurate due to (i) sales bias, (ii) agency problem, (iii) difficulty in 
predicting market response for new products. 
In the following chapter, sales forecast will be re-established using short term 
forecasting system ^ such as moving average, exponential smoothing and exponential 
smoothing with seasonal factors. One of the advantage of using such forecasting 
system is that it eliminates the agency problem and sales bias. That means Logistics 
section will be wholly accountable for its own forecast made. However, it leaves to 
be proven whether it is an effective and better way of forecasting rather than 
forecasting from Marketing. 
3 Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control Systems. 
Third Edition, Irwin, Chapter 16: Short-Term Forecasting Systems 
13 
CHAPTER IV 
APPLICATION OF ANALYTICAL TOOLS IN 
INVENTORY MANAGEMENT 
In this chapter, a number of analytical tools will be used to establish the basis 
for inventory management. Before the analysis is carried out, extensive data 
collection is required. The major data collected and used for analysis is: 
1. Sales history for all PTO items (from October 1994 to December 1997) 
2. Average replenishment order lead time from various supplier and the variance of 
the lead time. 
3. Current inventory level and safety level of all PTS products. 
4. Product cost 
5. Minimum order quantity for each item 
6. Sales forecast for major PTS items in 1997 
7. Estimation on cost of placing a replenishment order. This includes order 
preparation, order approval, submitting order, follow up with delivery schedule, 
arrange receipt & delivery of goods at container terminal, handle product damage 
and verify invoice from supplier. 
8. Estimation on inventory carrying cost: This includes the cost of capital employed 
in product purchase, insurance, risk of product obsolescence. 
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Demand Forecasting 
Forecasting is carried out to minimize the uncertainty that JKL Co faces in its 
short term inventory decisions. Forecasting techniques may range from simple and 
inexpensive ones to complex but expensive ones\ In this section, simple and 
inexpensive forecasting techniques such as moving average, exponential smoothing 
and exponential smoothing with seasonality is studied. 
Currently, forecasting is provided by Marketing and is done manually. 
Forecast for coming months is made by referring to previous forecast, actual sales and 
coming promotion program. The disadvantage of this process is that it may take more 
than a week's time and effort and hence delayed the issuance of replenishment orders. 
Moreover, it includes sales expectation and may not reflect the true demand. On the 
other hand, this sales forecast incorporates some valuable input such as demand surge 
due to promotion programs, discounts which is not captured in any forecasting 
system. 
In exploring the use of simple forecasting techniques described above, it is 
expected to lower the cost of forecasting, speed up the forecasting process and 
provide a better quality forecast compared to the existing one. A total of 28 products 
are tested with these forecasting techniques. The following are describes the 
forecasting techniques used: 
1. Moving Averages 
When projection into the future requires the use of more recent data rather 
than taking the average of all past data, moving average is a better answer than the 
average. The decision is how many months of previous data should we take. For all 
the 28 items selected, 6-months and 9-months moving average are computed and 
compared. 
5 Dominick Salvatore. Managerial Economics in a Global Economy. Third 
Edition, McGraw-Hill, Inc., P173 
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The formula for moving average forecast (MAF)^^ as follows: 
t 
Moving average forecast (MAF) = Z Actual demand ； / n 
atend ofperiod t: MAF, ‘一‘ 
where: 
i = period number 
t = current period (the period for which the most recent actual demand is 
known). 
n 二 number of periods in the moving average. 
2. Exponential Smoothing 
For 6-month or 9-month moving average calculated above, the forecast is 
based on a equal weight of all the previous 6 or 9 months' data. However, there may 
be cases where more weight should be placed on more recent months data. In this 
case, exponential smoothing can address this need. 
In exponential smoothing, the further from the current month, the lower is the 
relative weight in the forecast. This is illustrated in the formula as follows ^ ^: 
Exponential smoothing forecast (ESF) at the end of period t : 
ESF, = ESF,.； + a (Actual demand , - ESF,.；) 
= a (Actual demand , ) + (1- a) ESF," 
where: a = the smoothing constant ( 0 <_a <_1 ) 
t = current period (the period for which the most recent actual demand 
is known 
ESF,./ = exponential smoothing forecast made one period previously 
(at the end of period t -1) 
3a Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control Svstems. Third 
Edition, Irwin, P.665. 
3b Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control Svstems. Third 
Edition, Irwin, P.667. 
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The higher the exponential smoothing constant, higher weight is given to the 
most recent month's data and hence is more responsive to changes in demand. It 
yields good forecast if the change is relatively permanent. However, it yields poor 
forecast if the change is temporary. 
On the other hand, the lower exponential smoothing constant give a relatively 
stable demand forecast irrespective of temporary fluctuations in demand. However, it 
may be slow in response to relatively permanent change in demand due to trend or 
seasonal factor. 
For all the items selected, trial and error approach is used in order to obtain 
the smoothing constant that yield the optimal result. 
3. Exponential smoothing with adjustment for seasonality 
Some products of JKL Co exhibit seasonality in their demand such as winter 
grade or summer grade chemical, insecticides etc. As illustrated in later analysis, 
both moving average and simple exponential smoothing cannot yield a good forecast. 
Seasonally enhanced forecast (SEF)3 will be used. The formula for seasonally 
enhanced forecast (SEF) is as follows: 
Actual demand, 
Base value , = a ( ) + (1 - a) (Base value , " ) 
Old index^ 
Actual demand, 
New value ^ = y ( ) + (1 - y) (Old index^) 
Base value, 
where: 
a = smoothing constant for base value 
Y = smoothing constant for seasonal indexes 
s = season indicator 
3 Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control Svstems. 
Third Edition, Irwin, P673. 
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Base valuC/./ = base value computed one period previously (at the end 
of period t-1 ) 
Old index ^ = index value for season s, calculated one full cycle ago. 
For JKL Co, product 3005 (see Appendix 1) is a winter grade product and the 
full seasonality cycle is 12 months. Hence, the old index for the first cycle (from Oct 
94 to Sept 95) will be based on the actual sales divided by the average monthly sales. 
Thus: 
High season Low season 
Oct 94 15392 Feb 95 27 
Nov 94 3922 Mar 95 451 
Dec 94 8607 Apr 95 0 
Jan95 384 May 95 170 
Aug 95 4245 Jun 95 200 
Sept 95 451 Jul 95 50 
Average: 6921 Average 150 
Divide by yearly average Divide by yearly average 
of3536 of3536 
Seasonal index = 1.957 Seasonal index = 0.043 
Trial and error on different values of a and y is carried out in order to obtain 
the optimal result. 
Forecast Evaluation 
There are two commonly used evaluation criteria: Mean error^ and Root mean 
square error^. 
3 Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control 
Systems, Third Edition, Irwin, P660. 
5 Dominick Salvatore. Managerial Economics in a Global Economv. Third 
Edition, McGraw-Hill, Inc., P.187-188. 
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n 
S (Actual demand, - Forecast demand,) 
i=l 
Mean Error  
n 
where: 
i = period number 
n = number of periods of data 
n 
， 2 Z (Actual demand, - Forecast demandj) 
/ = / 
Root mean square error = V  
n 
where: 
i = period number 
n = number of periods of data 
As mean error tends to cancel out large variances between sales forecast and 
actual demand (whether positive or negative), root mean square error is more 
appropriate to be used to evaluate the forecasting model as it will take into account 
both over estimation and underestimation. In addition, if the forecast is over 
estimated, the order quantity in subsequent months will adjust to this overstock 
situation. Hence, the mean error cannot account for the reality. 
Result Analysis 
A summary of results is shown in Appendix 1. For reason of brevity, the sales 
history for October 94 to December 96 has been omitted, though these have been used 
for calculating the sales forecasts in 1997 months. 
Of all the three forecasting tools used, exponential smoothing with seasonal 
adjustment yields the lowest root mean square error forjust product 3005. However, 
it is still inferior to forecast from sales. The main reason for the difficulty in applying 
this forecasting tool is that there is still a large variation in demand within the high or 
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low season. Moreover, this in-season variation is quite random and erratic in nature. 
Hence, the sales forecast is still a valuable data source for inventory planning for this 
product. 
In general, exponential smoothing yields lower root mean squared error than 
moving average or forecast from sales. Moreover, it is found that for most of the 
products, the minimum root mean square error occurred when the smoothing constant 
is low (usually less than 0.1). The main reason being the sales demand of the product 
is quite erratic in nature. Thus, the larger the smoothing constant, the higher is the 
risk of relying that forecast for inventory planning. In general, it seems that 
exponential smoothing provided a more effective and accurate means of forecasting 
than that from Marketing. 
Even if these forecasting systems yields better accuracy than that from 
Marketing, the forecast figures still differs substantially from the actual sales. As 
seen in Appendix 1, the magnitude of root mean square error is comparable to that of 
monthly sales volume. In fact, Watsons, Billingsley, Droft & Huntsberger& stated 
that: 
"Irregular variations constitute the class oftime series movements that do not 
fit into the other three categories previously discussed, (i.e. Trend, seasonal & 
cyclical variations).“ 
"Irregular variations cannot be predicted by using historical data, and they 
are not periodic in nature.“ 
Salvatore^ has mentioned about the risk in demand forecasting in a case study: 
5 Dominick Salvatore, Managerial Economics in a Global Economv. Third 
Edition, McGraw-Hill, Inc, P201 
6 Collin J. Watson, Patrick Billingsley, D.James Croft, David V. Huntsberger, 
Statistics for Management and Economics, Fifth Edition, Prentice Hall, P.750-751 
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"Demand forecasting faces two major risks of grossly overestimating or 
underestimating demand. One risk arises from entirely unforeseen events, such as 
war, political upheavals, or natural disasters. The second risk arises from inadequate 
analysis of the market. ” 
"All these costly forecasting errors could possibly have been avoided by (1) 
carefully defining the market for the product to include all potential users for the 
product and considering the possibility of product substitution, (2) dividing total 
industry demand into its main components and analyzing each component separately, 
(3) forecasting the main drivers or users ofthe product in each segment of the market 
and projecting how they are likely to change in the future, and (4) conducting 
sensitivity analysis of how the forecast would be affected by changes in any of the 
assumptions on which the forecast is based.“ 
While the above additional considerations quoted alert users of the 
limitations of forecasting system, they are beyond the scope of this project. 
Inventory Management for Individual Item 
Inventory management is usually faced with determination of level of safety 
stock, reorder point and economic order size. 
Safety Stock & Reorder Point 
Before discussing safety stock, let's introduce cycle inventory first. Cycle 
inventory refers to inventory resulting from replenishment orders. For example, when 
customers pick up a certain item from JKL Co routinely, the inventory level of that 
product will drop continuously until previous replenishment orders arrive at the 
warehouse of JKL Co. At a certain inventory level (before it drops to zero), JKL Co 
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will initiate a new replenishment order. Due to demand surges or supply problem, it 
is clear that cycle inventory cannot protect JKL from out of stock. Hence, there is a 
need for buffer stock in order to prevent the inventory level from hitting the ground. 
Safety stock refer to stocks which provide buffer against variation in sales 
demand or supply uncertainties. This applies to PTS stock only. Hence, the level of 
safety stock is directly related to the probability of out of stock. With safety stock, 
the average inventory level of an individual item is equal to safety stock plus the 
cycle inventory (one half of the replenishment order s i z e ) 7 a . 
In Appendix 2, safety stock and reorder point is calculated and the steps as 
follows: 
a) Calculate the standard deviation of demand based on monthly sales data 
(January 97 to December 97). (column 14) 
b) Calculate the standard deviation of supply lead time based on past 6 months' 
replenishment orders. (Appendix 3 and column 15) 
c) The combined standard deviation of demand and supply lead time (column 
16) is provided by the convolution formula ^^: 
Gc = V T X S \ + D^ X S \ 
where: 
Gc = standard deviation of combined probabilities 
T = average replenishment lead time in months 
St = standard deviation of replenishment lead time in months 
D = average monthly sales 
Ss = standard deviation of monthly sales 
7a Donald J. Bowersox & David J. Closs,. Logistical Management: The Integrated 
Supply Chain Process, McGraw-Hill International Editions, P.251. 
7b Donald J. Bowersox & David J. Closs,. Logistical Management: The Integrated 
Supplv Chain Process, McGraw-Hill International Editions, P.274-275. 
22 
d) To simplify the calculation of safety stock, it is assumed the distribution of 
monthly sales approximates normal distribution. Using the combined 
standard deviation of demand and supply (column 16 of Appendix 2), the 
safety stock can be calculated using a table of normal probability values. For 
example, at 10% probability of stock out of product 3401, the calculation of 
safety stock and reorder point is described by Vollmann, Berry and Whybark ^ 
as follows: 
Safety stock = ZcTd 
Reorder point = Mean demand during the replenishment lead time 
+ Zcjd 
where: 
Z = the appropriate value from a table of standard normal 
distribution probabilities 
Cd = standard deviation of demand during the replenishment 
lead time 
For example, the safety level for stock out probability of 10% of product 3402 
is: 
Safety level = Z a j = 1.282 x 138.55 = 177.6 units 
Reorder point = average monthly sales demand x average 
replenishment lead time + safety level 
=64 units/month x 67days/30 + 177.6 units 
=320.5 units 
^~~Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control 
Svstems, Third Edition, Irwin, P718. 
23 
Based on the current safety stock level, the total volume of safety stock for 
PTS product is equivalent to 25,156 drums (Appendix 2, bottom of column 24). This 
safety stock level is equivalent to that based on 14.1% stock out probability. In order 
not to increase the capital carrying cost, it is recommended to use the safety level and 
reorder point level at 14.1% stock out probability. Moreover, by evening out the 
stock out probability, customer service could be further enhanced. 
Economic Order Quantity 
The reorder point informs a firm when to place order for individual items. On 
the other hand, the optimum order quantity (and hence order frequency) is described 
by Thomas E. Vollmann, William L. Berry & D. Clay Whybark^ in the economic 
order quantity (EOQ) model as follows: 
“The order quantity decision is formally stated in the economic order quantity 
(EOQ) model This equation describes the relationship between cost of 
placing orders, cost of carrying inventory, and the order quantity. This model 
makes several simplifying assumptions: the demand rate is constant, cost 
remains fixed and production and inventory capacity are unlimited. The total 
annual cost equation for the economic order quantity is: 
TAC = (A/Q) Cp + (Q/2) C" 
EOQ = ^2CpA/CH 
3 Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control Svstems. 
Third Edition, Irwin, P.707-709. 
24 
where: TAC = total annual cost 
A = annual demand 
Cp =cost ofplacing each replenishment order 
Q 二 order quantity 
C// = inventory carrying cost 
The cost of placing each replenishment order (Appendix 2，column 4 & 5) for 
JKL Co. includes order preparation, order approval, submitting order, follow up with 
delivery schedule, arrange receipt and delivery of goods at container terminal and 
handle product damages (if any) and verify invoice from supplier. The estimated total 
cost of placing an order for a single item is US$43.93 and US$7.48 for each 
additional item in the same order. 
The inventory carrying cost (Column 8 of Appendix 2) for JKL Co includes 
storage cost, cost of capital used to buy the product and cost of insurance (product 
loss/damage and third party liability). Hence the inventory carrying cost is different 
for each item and depends on its package size and item unit cost. For example, the 
inventory carrying cost of item 3402 is: 
Storage cost + cost of capital + insurance 
= $(1.33 + 0.55 + 0.01) 
=$1.89 
The economic order quantity for each item is calculated and listed in 
Appendix 2, column 9. However, for JKL Co, there is a minimum order requirement 
imposed by different suppliers on different items. Hence, the higher value of 
economic order quantity or minimum order quantity is taken and forms the 




Multiple Item ABC Analysis 
As JKL Co manages about 300 items, there is a need for JKL Co to classify its 
items in order of their importance. This would allow management to optimize their 
valuable time to manage more important items. Apart from the traditional way of 
classifying these items according to a single dimension such as revenue, Thomas E. 
Vollmann, William L Berry and D. Clay Whybark have suggested multiple-criteria 
ABC analysis^ as follows: 
“Flores & Whybark^-^ looked into the use of non cost criteria in managing 
maintenance inventories. Criticality seemed to sum up managers ‘ feelings 
about most non cost aspects of the maintenance items. It takes into account 
such factors as severity of the impact of running out, how quickly the item 
could be purchased, whether a substitute was available, and even political 
consequences ofbeing out.“ 
The first step to do a multiple-criteria ABC analysis on JKL Co's PTS items is 
to calculate the annual revenue of each item. Then, the items are listed in descending 
order ofannual revenue. Three categories of products are classified according to their 
sales revenue. Class A refers to those high revenue items which in totality constitutes 
about 80% ofthe total revenue. Class B refers to those medium revenue items which 
in totality constitutes about 15% of the total revenue. The rest of items belongs to 
Class C. 
^~~Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control 
Svstems, Third Edition, Irwin, P731. 
^ Flores, B.E.，and D.C. Whybark. "Multiple Criteria ABC Analysis." 
International Joumal of Operations and Production Management 6, no. 3 (Fall 1986) 
^ Flores, B.E., and D.C. Whybark. "Implementing Multiple Criteria ABC 
Analysis." Joumal of Operations Management 7, no. 2 (September 1987) 
26 
Next, Logistics & Marketing has classified a total of 8 items as critical 
(denoted by C in Appendix 2) (irrespective of revenue value). The results of 
grouping, similar to that suggested by Flores & Whybark9，is shown in Table 1 
below: 
Table 1: Number of items classified bv sales revenue and criticality 
Criticality 
Sales Revenue Critical Not Critical Total 
A 4 23 27 
B 2 52 54 
C 2 141 143 
Total 8 216 224 
With the above classification of stocks, inventory management policy for 
multiple criteria ABC items similar to that suggested by Flores & Whybark^，is 
shown in Table 2 below: 
Table 2: Inventory management policy for multiple-criteria ABC items 
Category 
A-C A-NC B-C B-NC C-C C-NC 
Stockoutprobability 10% 15% 10% 15% 10% 15% 
Order frequency high high medium medium low low 
Forecast update monthly monthly quarterly quarterly quarterlyhalf yearly 
Reclassify review hatf>earfy hatfysariy hatf"yeariy>ear /^ >eariy yearfy 
9 Flores, B.E., and D.C. Whybark. "Implementing Multiple Criteria ABC Analysis." 
Joumal of Operations Management 7，no. 2 (September 1987) 
27 
Replenishment Order for multiple items 
As indicated from Appendix 2，JKL Co buys chemical from several supply 
source. Moreover, each supply source supplies a number of items. If JKL Co place 
replenishment orders on individual basis, a total of 2,094 orders will be placed. The 
total ordering cost is approximately US$92,000. In order to allocate scarce resources 
ofthe company for other value added work, replenishment order for multiple items is 
discussed below to see how it can better improve the efficiency in inventory 
management. 
Firstly, all the items are classified according to supply source. Within a single 
supply source, there are three group ordering approaches as described by Thomas E. 
Vollmann, William L. Berry and D. Clay Whybark^ as follows: 
a) Based on individual reorder points: A single order is placed whenever any 
one item from the same supply source drops below the reorder point. Items 
below the reorder point and close to the reorder point will be ordered. The 
quantity of each item to be ordered will depend on individual economic order 
quantity. This does not produce a regular cycle of orders and there may be 
overstocking due to individual economic order quantity may not be 
economical for ordering multiple items. Hence, this approach will not be used 
in this project. 
b) Based on group reorder points: A single order is placed whenever the current 
inventory drops to the combined reorder point for a group of products. As this 
does not take into account of the individual item inventory level, it is possible 
that when there is some slow moving items within the group, fast moving 
inventory may already run out of stock before the reorder level is reached. If 
this approach is used, the items within the group must be similar in sales 
quantity, product life cycle and non-seasonal. 
^~~Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control 
Svstems, Third Edition, Irwin, P734-740. 
28 
Hence, this approach will not be used in this project as the cost of 
monitoring and the associated risk of stock out is expected to be high. 
c) Economic dollar value order: A regular cycle of orders is produced for each 
supplier based on a joint economic order quantity. Again, as described by 
Thomas E. Vollmann, William L Berry & D Clay Whybark^, the expression 
for economic dollar order value is as follows: 
2(Zv,A,)Cp 
Q = V --——' 
C. 
where: 
Sv, A/ = The total dollar volume per year for all items from the 
supplier, (v, is the value of item i and A, is the demand 
per year for item /) 
Cp = The cost of placing an order (including any individual 
item order costs). 
Cf = The annual inventory carrying cost rate 
Appendix 4 shows the application of the economic dollar value order on 
Thailand supplier. As there are about 160 items being ordered from Thailand under 
different category as mentioned previously in Table 2, it is necessary to divide these 
160 items into group A, B & C and establish the economic dollar value for 
replenishment order. Then, within each group, the economic dollar value is 
calculated based on the economic dollar value order equation above. 
^“Vollmann.Berry.Whybark, 1992. Manufacturing Planning and Control 
Svstems, Third Edition, Irwin, P737-739. 
29 
For example, for group A items, 
Total annual order value = US$18,385,564 million 
Annual inventory carrying cost rate = 32.88% 
Cost ofplacing order = $43.93 + $7.48 x 23 additional items 
=$215.97 
Economic dollar value for group A = (2x$18,385,564x$215.97x0.23) 
= US$155,411 
If the economic dollar value means below full container shipment, then the 
economic dollar value will be adjusted to a higher level until full container shipment 
is achieved. This will be equivalent to a certain number of equivalent month supply 
quantity based on full container shipment. This happens in the case of low volume 
suppliers like UK. In UK's case, the economic dollar order value for the group of 
items is US$15,722 and the corresponding shipment weight is 10,675kg. This is less 
than the full 20-foot container shipment capacity of 16,000kg. Hence, the economic 
dollar order value is adjusted in proportion to the weight and becomes US$23,565 and 
it is equivalent to 3 months sales volume, (see Appendix 4) 
For the case of group A products of Thailand, the next step is to determine 
order quantities which would bring the total inventory plus on hand order to 0.1-
month supply above the reorder point. Hence, column "less edv" of Appendix 4 is 
calculated by subtracting the corresponding value in column "no of mth sale over rop" 
by 0.1. The order quantity (column "order qty" of Appendix 4) is then calculated 
based on the monthly demand in units times the value in column "less edv" of 
Appendix 4. Some of the quantities may be further raised due to minimum order 
quantities (column "qty to meet min blend" of Appendix 4)，if necessary. If 
adjustment is needed in order to fulfill exact shipment load (carrying capacity of 
16000kg for 20-foot container and 24000kg for 40-foot container), the cycle can be 
repeated by trial and error starting from column "less edv of Appendix 4 by replacing 
the "0.1" value. The final order quantity (column "order qty" in bold letters of 
30 
Appendix 4)，resulting number of months inventory plus on hand order above reorder 
point (column "total above rop" of Appendix 4) and total order value is then 
calculated. 
Ideally, if the demand forecast of all items are completely accurate, another 
0.10 month's supply will be ordered for each item after the reorder point of all items 
are simultaneously reached. However, for JKL Co, the difficulty in getting an 
accurate sales forecast will result in irregular frequency of orders and the order 
quantities ofeach item may be far different from 0.10 month's sales consumption. 
On the other hand, there are a number of advantages of the economic dollar 
value order approach: 
1. Every item's inventory and on hand order position is considered and the 
chance of overstocking or out of stock of individual items is minimized. 
2. The total number of orders placed per year for all JKL's suppliers under 
this approach is 219. The annual cost of placing order is US$50,898，45% 
below that of managing inventory on individual item basis as discussed in 
previous section. 
3. Currently, all items from Thailand are ordered on a monthly basis. That 
means the average cycle stock level is 15 days. From the economic dollar 
value order approach, the group A items are ordered every 4 days and 
group B items are ordered every 11 days. Assuming there is no 
significant difference in ordering frequency of group C items and non-
Thailand supplied items, and their aggregate value being low compared to 
group A & B items from Thailand, the cost savings due to reducing cycle 
inventory is estimated as follows: 
Monthly cycle stock carrying cost = Monthly sales revenue 
X annual inventory carrying cost rate 
X average cycle stock level in terms of 
number of year sales 
31 
Current cycle stock carrying cost = US$1.22 million x 32.88% x 15/365 
= US$16,500 
Cycle stock carrying cost after implementing economic dollar value order: 
=US$1.22 million x 80% x 32.88% x 2/365 + 
US$1.22 million x 15% x 32.88% x 5.5/365 + 
US$1.22 million x 5% x 32.88% x 15/365 
= US$3,500 
Savings in inventory carrying cost per year = US$(16,500 - 3,500) x 12 
= US$156,000 
On the other hand, there is a corresponding increase in cost of ordering: 
Current cost of ordering/year = Cost per order x order frequency 
= ($43.93 + $ 7 . 4 8 x l 6 0 ) x l 2 
= US$14,900 
Cost of ordering/year after implementing economic dollar value ordering: 
=US$(156,000- 14,900) 
二 US$141,100 
Simulation experiments carried out by Kleijnen and Rensio also supported 
multiple item joint ordering procedure. Joint ordering for multiple items is superior 
to independent ordering for each item in terms of inventory carrying cost while 
maintaining the same customer service level. 
10 J.P.C. Kleijnen and P.J. Rens. "IMPACT Revisited: A Critical Analysis of 




Recommendations & Conclusions 
After going through all the main analysis techniques for inventory 
management, a number of recommendations are discussed in this section which is 
used as the future guideline for inventory management of JKL Co. In particular, the 
recommendations addresses the current problems discussed in Chapter III. 
1. Managing the supply side 
(a) Rationalizing safety stock level 
In Chapter IV, safety stock level has been re-calculated using 
the standard deviation of supply and demand. The revised safety level 
is expected to cut down inventory level of slow moving stocks and 
raise the inventory level of fast moving stocks which are more often 
out of stock. This rationalizing of JKL Co's resources improves the 
customer service level as well as increases its competitiveness. On the 
other hand, the rationalization of safety stock level is at no additional 
cost to JKL Co as the total inventory level remains unchanged. 
(b) Prioritization in Inventory Management 
Multiple-criteria ABC analysis provides insight to classify JKL 
Co's items according to revenue contribution and criticality. Under the 
recommended classification in Chapter IV，high revenue items will 
receive more attention from JKL Co and critical items will receive 
more buffer stock to prevent stock out. 
(c) Replenishment order for multiple-items 
33 
Using the economic dollar value ordering approach, it is found 
that it is more economical to order Group A & B items supplied from 
Thailand at higher frequency (90 orders and 33 orders per year 
respectively). As discussed with the supplier in Thailand, they have no 
problem in supporting the order frequency provided that JKL Co 
continue to provide forecast to them monthly. The potential savings in 
inventory carrying cost is US$156,000 per year. On the other hand, 
the cost of ordering will increase by US$14,900 per year. Thus, the 
potential net savings per year is US$141,100. 
In the economic dollar value ordering model that is established 
in Appendix 4，it also serve as guidance in deciding what items need to 
be additionally ordered in order to make up a full shipment load. This 
would eliminate inefficient discussions between Marketing and 
Logistics which may screw up the delivery schedule and wasting 
resources. In addition, it makes inventory management easier and 
more transparent by viewing the number of monthly sales above the 
reorder point for each item after an order quantity is proposed and 
input into the model. 
Last but not least, joint items ordering is preferred to individual 
item ordering as it reduces the order frequency and inventory carrying 
cost. 
2. Managing the demand side 
Under multiple-criteria ABC analysis, forecast will be updated either 
monthly, quarterly or half yearly and will be continued to be supplied by 
Marketing. This has been agreed by Marketing already. However, Logistics 
will maintain short term forecasting system for high revenue items and use it 
as the basis to benchmark against the sales forecast. As history showed that 
the demand for most of these products are erratic in nature, exponential 
34 
smoothing with low smoothing constant yields better results and accuracy 
among other simple forecasting systems. 
If there is any inconsistency between forecast from marketing and that 
generated from short term forecasting system, discussion between Logistics 
and Marketing should be carried out to ensure an agreed figure. It should be 
addressed at this point that the forecasting technique and forecast from 
marketing will continue to supplement each other and neither one can survive 
alone. 
3. Procedural changes 
Currently, a high portion of slow moving inventory and dead stock is 
due to customer order cancellation on PTO items. To minimize such excess 
inventory, it is recommended to have the Marketing General Manager or 
Marketing Manager (depending on the amount of customer order) to endorse 
customer's orders before Logistics will place order for these dedicated items. 
(Re: there is no such endorsement currently) As both the Marketing General 
Manager and Marketing Manager are responsible for the overall profit and 
loss of the chemical product line in addition to the revenue, it is expected that 
this is an effective control measure. These endorsements will be documented 
and detailed in monthly report submitted to top management. It is expected 
that such control measures will enhance the quality of customer order and 
minimizing unnecessary stock. 
Management staff from the Internal Control Section has been 
successfully convinced. It is expected that with support from Internal Control, 
it is easier to get support from Marketing department. 
35 
The above recommendations are aimed for effectively and efficiently 
balancing the demand and supply equation of JKL Co's items. Being effective means 
it can bring the inventory level to a reasonable level while maintaining satisfactory 
customer service and efficient means the company resources are optimally utilized. 
The analytical tools serve as a means, rather than ends, for inventory management. 
They must be supplemented by a close coordination between Logistics and Marketing 
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